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Introduction: 

Cardiovascular disease (coronary, cerebral and peripheral vascular disease) is the leading 
cause of death in people with diabetes and most deaths are due to the complications of 
coronary artery disease (1). Diabetics have greater morbidity and mortality following 
acute myocardial infarction and have a higher prevalence of traditional coronary risk 
factors (hypertension, dyslipidemia and obesity) compared to people without diabetes. 
However, these risk factors account for less than half of the excess mortality associated 
with diabetes. The _public health impact of cardiovascular disease in diabetics is 
enormous and increasing (1 ). Populations that are particularly susceptible to diabetes 
(African Americans, Hispanics, Native Americans, Pacific Islanders, and Asians) are 
growing in the United States and Type II diabetes occurs at an earlier age in obese and 
overweight persons (2). The prevalence of obesity is rising in the United States and is 
heightened by physical inactivity. Therefore, the relationship between diabetes and 
coronary artery disease is important and outcomes with medical therapy and following 
revascularization are issues commonly encountered in clinical practice. 

Mortality following acute coronary syndromes: 
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Figure 1. 
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Compared with non-diabetics when diabetics present with acute coronary syndromes both 
short and long term mortality are nearly doubled. When diabetics present to an 
emergency room with a suspected acute myocardial infarction and "rule-out" (3, 4), in the 
subsequent year their mortality and infarction rate is twice that of non-diabetics (20% 
versus 10%) (4). In non-insulin requiring diabetics, with unstable angina, one year 
mortality is 17% compared to 9% in non-diabetic patients (5) and this difference is 
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largely accounted for by excessive early mortality-- the three month mortality was 8.6% 
and 2.5% respectively. In a Finnish study (1988-1992) examining the impact of diabetes 
on mortality after a first myocardial infarction (6) diabetic men and women had 
substantially increased mortality at one month and one year compared with non-diabetics 
(6, 7), [Figure 1]. 

When a patient has an acute myocardial infarction the presence of diabetes is one of the 
major clinical prognostic factors which determines short and long term prognosis. At the 
time of entry to hospital with acute myocardial infarction the clinical prognostic 
indicators are: the patients age, a history of prior myocardial infarction, evidence of 
cardiac dysfunction, and the presence of diabetes. In addition, hospital mortality is 
determined by the presence of anterior myocardial infarction and hypotension (8-11 ). 
Other independent prognostic indicators also apply to diabetics. 
Both proteinuria (12-15) and diabetic retinopathy (16-20) are predictors of future 
coronary events (13, 18), [Figure 2]. The risk of cardiovascular death is associated 

Figure 2. 
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with increased urinary albumin and protein excretion rate in non-diabetics and diabetics 
independent of classic risk factors (18). Population studies have shown that in Type II 
diabetics as hemoglobin A1c and proteinuria increase the plasma fibrinogen levels 
increase. The Framingham Study has demonstrated the significant role of fibrinogen as a 
risk factor for the development of coronary artery disease. Non proliferative diabetic 
retinopathy may be associated with restricted coronary flow reserve in diabetic patients 
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( 19) and proliferative retinopathy predicts future significant coronary heart disease 
events (18). 

Thrombolytic therapy 

In the fibrinolytic therapy trialists (FfT) collaborative overview of mortality and 
morbidity of acute myocardial infarction (derived from all randomized trials of more than 
1,000 patients receiving fibrinolytic therapy) diabetics comprised 10-20% of the 
population (21). They were older, more likely to have had prior myocardial infarction 
and were found to have worse left ventricular function, more extensive coronary artery 
disease and higher morbidity and mortality (21). Importantly, lytic therapy was of greater 
benefit to diabetic patients [Figure 3]. 

Figure 3. 
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At 35 days 37 per 1000 diabetic lives were saved compared with 15 per 1000 non
diabetic lives saved. In a large angiographic trial, of thrombolytic therapy and acute 
myocardial infarction, diabetes was also found to be an independent determinant of early 
mortality (22). There was no significant difference in early infarct artery-related patency 
in response to thrombolytic therapy between diabetics and non-diabetics. However, 
diabetic patients had significantly narrower "normal" reference coronary artery segments 
suggesting more extensive, non angiographically identifiable epicardial coronary artery 
disease. They had a greater frequency of multi-vessel disease, and the non infarct areas 
of myocardium showed a blunted acute hyperkinetic response in contractility compared 
to non-diabetics. The 30 day mortality rate was 11.3% in diabetic patients versus 6% in 
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non-diabetic patients (P < 0.0001) After adjustment for clinical and angiographic 
variables diabetes remained an independent determinant of mortality. 

When the entire GUSTO-I cohort (23) was examined (41,021 patients treated with 
streptokinase, t-P A and heparin), diabetes in association with its co-morbidities (cardiac 
failure, cardiogenic shock, atrial tachyarrhythmias and atrioventricular block) accounted 
for a substantially worse one month (10.5% versus 6.2%) and one year prognosis (14.5% 
versus 8.9%). Mortality was highest amongst diabetic patients treated with insulin (23). 
Unfortunately, observational studies in diabetics suggest that thrombolytic therapy is 
often withheld inappropriately because of concerns about retinal hemorrhage (24). It is 
important to note that diabetic retinopathy is not a contraindication to thrombolytic 
therapy. Ocular hemorrhage, and more importantly, intra ocular hemorrhage after 
thrombolytic therapy is extremely uncommon. The calculated incidence of intra ocular 
hemorrhage following thrombolytic therapy in patients with diabetes is 0.05% (25). 

Insulin and acute myocardial infarction 

The DIGAMI (Diabetes Mellitus Insulin-Glucose Infusion in Acute Myocardial 
Infarction) Study Group randomized patients with acute myocardial infarction (Q and 
non-Q) and a history of diabetes (on diet, tablets or insulin) or an initial blood glucose 
greater than 198 mg/dl to conventional therapy or insulin-glucose infusion for at least 24 
hours and subsequent subcutaneous insulin administration for at least 3 months. The 
rationale for this protocol "was based on the assumption that a rapidly achieved and 
persistent improvement in metabolic control should reduce morbidity and mortality in 

% 

Figure 4. 
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diabetic patients with myocardial infarction" (26). 
Diabetics, particularly those with poor metabolic control, have elevated plasma levels of 
free fatty acids and increased sensitivity to catecholamine stimulation. There is no 
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anerobic pathway for metabolism of free fatty acids. In addition, free fatty acids and 
their intermediates may potentiate ischemic injury and there appears to be a direct 
relationship between high levels of free fatty acids and complications of acute myocardial 
infarction. In the past insulin-glucose-potassium has been demonstrated to counteract 
intracellular potassium loss in ischemic myocardium, reduce plasma levels of free fatty 
acids, improve segmental ejection fraction in the infarcted areas of myocardium and 
reduce complication rates. Concomitant therapy in DIGAMI patients was lytic therapy 
in 50%, beta-blockers in 70%, aspirin in 80% and ACE inhibitors in 31%. The patients 
were stratified into 4 groups before randomization. They were considered high risk with 
two, or more, of the following: age greater than 70 years, prior myocardial infarction, a 
history of congestive heart failure, and current treatment with digitalis. They were also 
stratified according to previous anti-diabetic treatment with insulin. Thus, there were 4 
groups: No insulin-low risk, No insulin-high risk, Insulin-low risk, and Insulin-high 
risk. After 3, 12 and 41 months the patients who had never had insulin prior to 
hospitalization with acute infarction and were considered "low risk" had a substantial 
mortality advantage (26-30). In the entire study, insulin therapy reduced mortality 
significantly at 12 months (26), and 41 months (28) [Figure 4]. The mortality predictors 
in this population were: Old age, previous myocardial infarction, diabetes mellitus 
duration, admission blood glucose and admission hemoglobin A1e. Intensive insulin 
treatment reduced long-term mortality despite high admission blood glucose and 
hemoglobin A1e (30) and the therapy was cost-effective (31). 

Aspirin 

The beneficial affect of aspirin is maintained in diabetic patients with acute myocardial 
infarction (32). In an observational study, performed in a large cohort of diabetic patients 
with established coronary disease, the 5 year mortality was 18% in aspirin users and 26% 
in non-aspirin users compared with 9% and 13% in non-diabetics respectively (33). The 
absolute benefit of aspirin in patients with coronary disease was greater in diabetic 
patients than in non diabetics. 

LDL Lowering: 

The importance of LDL lowering in reducing mortality in secondary prevention trials is 
well established (34-36). Hypertriglyceridemia and low levels of high-density lipoprotein 
are the most common lipid abnormalities in diabetes mellitus. In Type I diabetes these 
abnormalities may be reversed with glycemic control however in Type II diabetes, 
abnormalities commonly persist even after optimal glycemic control has been achieved. 
Among survivors of myocardial infarction even patients with impaired fasting glucose 
have a higher risk of recurrent coronary events (coronary heart disease death, non fatal 
myocardial infarction, coronary artery bypass graft surgery and PTCA) that can be 
substantially reduced by effective LDL lowering (37). 

In the 4S Study of patients with angina or a history of myocardial infarction, over a 5.4 
year follow up, LDL lowering produced mean changes in serum lipids in diabetic patients 
similar to those observed in non-diabetic patients (38). Importantly, the relative risk of 
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dying was reduced more in diabetics (0.57 for diabetics versus 0.71 for others). [Figure 
5]. These results strongly suggest that the absolute clinical benefit achieved by 
cholesterol lowering may be greater in diabetic patients with coronary heart disease since 
they have a higher absolute risk of recurrent coronary events (38). 

Figure 5. 
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In the CARE study of myocardial infarction survivors (a secondary prevention LDL 
lowering study of patients with baseline LDL cholesterol 136 mg/dl, HDL cholesterol 38 
mg/dl, and triglycerides 164 mg/dl) both the diabetic patients and the patients with 
impaired fasting glucose (110-125 mg/dl) had a higher rate of recurrent coronary events 
during 5-year follow up (35). In the placebo group, the diabetic patients suffered more 
recurrent coronary events than did the non-diabetic patients (37% versus 25%) and LDL 
lowering reduced the absolute risk of coronary events for diabetic and non-diabetic 
patients by 8.1% and 5.2% respectively. In those patients with impaired fasting blood 
glucose in CARE recurrent coronary event rates tended to be lower in the patients 
randomized to LDL lowering with Pravastatin (37). 

Last, in a prospective, examination of the cost-effectiveness of lipid-lowering in patients 
with diabetes effective LDL lowering reduced hospitalizations for cardiovascular 
problems (39). The resulting substantial hospital cost savings offset the drug cost and 
showed a favorable cost-effectiveness ratio. 
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ACE Inhibitors 

In a retrospective analysis of the GISSI-III (18,895 patients with suspected acute 
myocardial infarction who were randomized to treatment with Lisinopril (2.5-10 mg a 
day), with, or without nitroglycerin, within the frrst 24 hours of infarction and continued 
for 6 weeks) 15% of the patients had a history of diabetes (40). 

Figure 6. 
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Treatment with Lisinopril was associated with a reduced 6-week mortality in diabetic 
patients (8.7% versus 12.4%, OR = 0.68) an effect that was significantly greater (P < 
0.025) than observed in non-diabetic patients. The survival benefit in diabetics was 
maintained at 6 months even though treatment was withdrawn at 6 weeks (40). [Figure 
6]. In a retrospective analysis of the TRACE Study (41), (a randomized, double-blind, 
placebo-control trial of Trandolapril, 1-4 mg a day, in 1,749 patients with acute 
myocardial infarction and ejection fractions less than 36%) in the diabetics the ACE 
inhibitor resulted in a reduced relative risk of death from any cause of 0.64 compared 
with 0.82 for non-diabetics. In addition, in diabetics the ACE inhibitor markedly reduced 
progression to severe heart failure (relative risk 0.38) when no significant reduction of 
this end point was found in non-diabetics. 

Recently, the beneficial effects of an ACE inhibitor (Ramipril, 10 mg once per day) in 
patients who had evidence of vascular disease or diabetes (plus one other cardiovascular 
risk factor in the absence of a low ejection fraction or heart failure) were demonstrated 
over a follow up period of 5 years (42). A total of 9,297 high-risk patients (55 years or 
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older) were randomized to placebo or Ramipril. The primary outcome was a composite 
of myocardial infarction, stroke, or death from cardiovascular causes. Treatment with 
Ramipril reduced the rates of death from cardiovascular causes (6.1% versus 8.1%), 
myocardial infarction (9.9% versus 12.3% ), stroke (3.4% versus 4.9% ), and death from 
any cause (10.4% versus 12.2% ). Complications related to diabetes were also reduced 
(6.4% versus 7.6%, RR, 0.84, P = 0.03) and diabetic nephropathy (defmed as urinary 
albumin excretion of at least 300 mg per day or urinary protein excretion of 500 mg per 
day), the need for renal dialysis, and the need for laser therapy for diabetic retinopathy 
were all reduced. In addition, a new diagnosis of diabetes was seen in fewer patients 
taking Ramipril (3.6% versus 5.4%, P =less than 0.001) (42). The beneficial effect of 
ACE inhibition was seen regardless of the presence or absence of cardiovascular disease, 
diabetes, age, gender, presence of hypertension, history of coronary artery disease, 
history of cerebrovascular disease, peripheral vascular disease and microalbuminuria. It 
was estimated that treating 1000 patients with Ramipril for 4 years prevented about 150 
events in approximately 70 patients. 
There are a number of potential mechanisms by which ACE inhibitors might benefit 
diabetics including improved insulin sensitivity and a decrease in hepatic clearance of 
insulin. These results are consistent with the results of the Captopril Prevention Project ( 
hypertensive patients randomly assigned to Captopril or conventional treatment of 
thiazides and beta-blockers and followed for 6.1 years) which also found a reduced 
incidence of newly diagnosed diabetes in patients who were randomly assigned to receive 
Captopril ( 43). While ACE inhibitors are known to preserve renal function and reduce 
albuminuria in diabetics and non-diabetics they have also recently been shown to 
improve NO-dependent endothelial function in the forearm of Type II diabetic subjects 
without evidence of vascular disease ( 44 ). 

Beta-Blockers 

Mortality Reductions (compared with 
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Beta blockers may theoretically inhibit catecholamine-induced glycogenolysis and 
glucose mobilization and prolong an episode of hypoglycemia in patients with diabetes. 
They may also mask tachycardia that is characteristic of the hypoglycemic state. These 
effects have been seen with agents such as Propranolol but are less likely to occur with 
cardio selective agents. After acute myocardial infarction the pooled results of the effect 
of beta-blocker therapy on mortality and reinfarction in patients with, and without, 
diabetes (compared with placebo) indicate that diabetic patients, compared with non
diabetic patients, have increased benefits of therapy ( 45), [Figure 7]. 

In a retrospective, cohort study data abstracted from the medical records of Medicare 
beneficiaries admitted to hospital with acute myocardial infarction ( 1994-1995) out of 
45,308 patients without contraindications to beta-blocker therapy, 7.4% were insulin 
treated diabetics and 18.5% were non-insulin treated diabetics (46). Beta-blockers were 
prescribed at discharge for 45% of insulin-treated diabetics, 48% of non-insulin treated 
diabetics and 51% of non-diabetics. After adjusting for confounding factors beta 
blockers were associated with lower one year mortality for insulin treated diabetics 
(hazard ratio = 0.87), non-insulin-treated diabetics (hazard ratio 0.77) and non diabetics 
(hazard ratio= 0.87). Beta-blockers were not shown to increase diabetic complications in 
this cohort (46). In a data base study of 14,417 patients with chronic coronary artery 
disease 19% had non insulin-dependent diabetes. Over a three year period 2/3 of the 
patients received beta blockers. Mortality was 7.8% in those taking beta blockers 
compared with 14% in those who were not. Multivariate analysis identified beta-blocker 
therapy as a significant, independent contributor to improved survival (relative risk = 
0.58). The main benefit appeared to be in older patients particularly those with a history 
of prior myocardial infarction (47). 

Coronary angiography 

In diabetic patients with "normal" coronary arteries the arteries and their branches, as 
assessed by coronary angiography, appear to have a smaller diameter than "normal" non
diabetic coronary arteries (48). In addition, in a large cohort of patients undergoing 
angiography after lytic therapy, diabetics had a significantly narrower "normal" reference 
segment of the coronary arteries than non-diabetic patients, suggesting more extensive, 
non angiographically identifiable epicardial coronary artery disease (22). In general, 
diabetic patients presenting with acute coronary syndromes are older, have more prior 
myocardial infarction, and therefore worse left ventricular function (21). However, even 
in patient groups matched by age, sex, weight and classic risk factors, ( 49) or, in large 
populations of patients of similar age and gender, (50) diabetic patients are more likely 
to have multivessel coronary artery disease. 

Percutaneous transluminal coronary angioplasty, CPTCA) 

In the mid 1990s attention was drawn to the results of coronary angioplasty in diabetic 
patients. In an NHLBI Registry Study (1985-1986) of 281 diabetic and 1833 non-
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diabetic patients undergoing PTCA there was a similar, high probability of initial 
angiographic success, but 9 year event-free survival was reduced in diabetic patients (51), 
[Figure 8] . Similarly, in an Emory University study, 1,133 diabetic and 9,300 non 
diabetic patients undergoing elective PTCA ( 1980-1990) were analyzed. In diabetics the 
5 year survival was lower (89% versus 93%), freedom from myocardial infarction was 
lower (81% versus 89% ), and subsequent revascularization was required more often (52). 
Diabetics appear to have a higher rate of infarction and a greater need for additional 
revascularization after PTCA presumably because of increased early restenosis and 
accelerated progression of coronary disease. 

% 

Figure 8. 
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In a relatively small study of 376 consecutive patients presenting with non-Q-wave 
myocardial infarction (53) and treated with PTCA during hospitalization (80% non 
diabetics and 20% diabetics) success rates for diabetics and non diabetics were similar 
(96 versus 97% ), in hospital complications were the same and one year survival was 
similar (92% versus 94% ). However, survival free of events (PTCA, CABO, MI and 
death) was worse in diabetics (55% versus 67% ). 

PTCA carries an increased risk of platelet aggregation and thrombotic complications 
which should be prevented by blocking the platelet glycoprotein lib/lila receptor and thus 
reducing adhesion and aggregation of platelets. In 1997 the CAPTURE Study (54) 
examined the influence of a lib/lila inhibitor (Abciximab) before, and during, coronary 
intervention in patients with refractory unstable angina. The rate of myocardial infarction 
was reduced by the lib/lila inhibitor before, during, and for a few days after PTCA. 
Major bleeding was infrequent but occurred more often with the treatment than with 
placebo (3.8% versus 1.9%). To determine whether treatment with lib/lila glycoprotein 
receptor blockers was also effective in reducing complications after PTCA in diabetics 
the outcome in 638 diabetic patients, of a total of 2792 patients enrolled in the EPILOG 
Study, was examined (55). Abciximab treatment reduced death, or myocardial infarction, 
among diabetic and non diabetic patients at 30 days (respective hazard ratios 0.28 and 
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0.47) and at six months. Target vessel revascularization during follow up was reduced 
among non diabetic patients but not among diabetic patients. Thus, lib/lila receptor 
blocker treatment in diabetics reduced morbid and fatal events at least as much as in non
diabetics but the need for target vessel revascularization was not reduced in diabetics but 
was reduced in non-diabetics. 

Van Belle et al ( 1997) analyzed the effect of diabetes on coronary artery restenosis in 600 
patients who were enrolled in a six month angiographic follow up study (56). 
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Figure 9. 

Patients were treated with either PTCA alone, or PTCA and coronary stenting. In the 
PTCA group (control group) the restenosis rate was almost doubled in diabetic patients 
(63% versus 36%) because of greater late diameter loss and a higher rate of late vessel 
occlusion (14% versus 3%). In the group treated with PTCA and stents the restenosis 
rates were similar in diabetics and non-diabetics (25% versus 27%) and the late diameter 
loss and rate of late vessel occlusion did not differ significantly. ( Figure 9). Therefore, 
while the use of PTCA and stents in diabetic patients (compared to PTCA alone) reduced 
restenosis during six month follow up the late diameter loss of the coronary vessels was 
seen in approximately 80% of all patients who had stents implanted. A subsequent study 
by the EPISTENT Investigators (57) showed that the combination of stenting and lib/lila 
receptor blockade (Abciximab) among diabetics resulted in a significant reduction in 6 
month events (death, myocardial infarction, and target-vessel revascularization) 
compared with patients treated with stent alone or patients treated with balloon 
angioplasty and Ilb/llla blockade (without stents). 
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Importantly, diabetics appear to have more events than non diabetics after coronary artery 
stenting (58). In a consecutive series of patients treated with PTCA and stent placement 
(2,839 non-diabetics and 715 diabetics) the diabetics suffered more events during one 
year of follow up (death, myocardial infarction and target lesion revascularization), they 
were more likely to have myocardial infarction, coronary artery restenosis (37.5% versus 
28.3%) and stent vessel occlusion (5.3% versus 3.4%), [Figure 10]. 
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In a multivariate analysis diabetes was identified as an independent risk factor for adverse 
clinical events and restenosis after PTCA and stent implantation (58). 

Coronary artery bypass graft surgery (CABG) 

Coronary artery surgery is performed commonly in diabetics and particularly in patients 
with multivessel coronary artery disease may be the preferred revascularization 
technique. In a major, prospective, randomized comparison of revascularization by PTCA 
or CABG in patients with multivessel coronary artery disease, ( BARI =Bypass 
Angioplasty Revascularization Investigation ), an initial strategy of PTCA did not 
increase 5-year all-cause mortality, although subsequent revascularization was required 
more often after PTCA (59), [Figure 11]. It was noted, in patients with diabetes mellitus 
(353 of 1,829 patients, 19%) being treated with oral hypoglycemic agents or insulin (a 
subgroup not specified by the protocol), the 5 year survival was 80.6% with CABG and 
65.5% with PTCA (P= 0.003) (59-62). Diabetics had less favorable baseline 
characteristics than other patients but the process of randomization distributed the 
patients evenly to the CABG and PTCA treatments. Better survival after CABG was due 
to reduced cardiac mortality (5.8% versus 20.6%, P = 0.0003) which was confined to 
those patients receiving at least one internal mammary artery graft (61). Subsequent 
analyses showed there were no significant differences in cardiac mortality rates, or 
myocardial infarction risks, in non diabetic patients with multivessel coronary artery 
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disease in BARI treated by either PTCA or CABG (63) . However, diabetic patients 
with multivessel disease had increased cardiac mortality rates after an initial treatment 
strategy of PTCA compared with CABG. The difference was manifest in diabetic 
patients on drug therapy. In a further registry study (patients who were eligible for the 
BARI trial but were not randomized and therefore underwent CABG or PTCA by choice 
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of the physician rather than random assignment) the results were consistent with the 
findings in the randomized trial (60). In the randomized trial diabetics taking insulin, 
rather than oral hypoglycemic agents, appeared to have a greater cumulative survival 
advantage with revascularization by CABG (60). This suggests a dose-response 
treatment difference between CABG and PTCA that increases with the severity of 
diabetes. In another study (64) looking at long-term survival in diabetic patients 
following first-time revascularization by CABG or PTCA the overa1110 year survival for 
diabetics was better after CABG (60%) than PTCA (46%), (P < 0.0001) . In this study, 
the risk adjusted survival advantage conferred by CABG was strongest for patients 
receiving oral agents (75% versus 62%), and less for diet (84% versus 81 %), and insulin
treated diabetics (63% versus 64% ). Incomplete revascularization and sulfonylurea 
therapy worsened outcome after PTCA and the use of left internal mammary artery grafts 
improved outcome after bypass surgery (64). 

In further BARI Study analyses among patients with diabetes, revascularization by 
CABG as compared with PTCA had a highly favorable influence on prognosis after 
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subsequent acute myocardial infarction (65). Last, in the BARI Study, at 7 years there 
was a statistically significant survival advantage for patients randomized to CABG 
(84.4%) compared with PTCA (80.9%, p = 0.043). This difference could be explained by 
the 353 patients with treated diabetes mellitus for whom estimates of 7 year survival with 
CABG were 76.4% and with PTCA 55.7% (p = 0.0011). Among non-diabetic patients, 
there was essentially no difference in survival (66). 

Diagnosis of coronary artery disease 

In diabetics coronary artery disease occurs prematurely, is often more extensive at the 
time of diagnosis, and is associated with a higher morbidity and mortality after 
myocardial infarction. 
In my opinion, because of the adverse prognostic implications of diabetes with respect to 
coronary artery disease in particular, and vascular disease in general, and the 
demonstrable benefits of medical and revascularization therapy, the diagnosis of diabetes 
even in the absence of known coronary artery disease, should trigger initiation of a 
vigorous "secondary prevention program" with goals similar to patients who have known 
coronary artery disease. This includes the prophylactic use of aspirin, aggressive lipid
lowering strategies aiming to achieve LDL lowering below 100 mg/dl, the appropriate 
use of beta-blockers, the aggressive control of hypertension, and the use of ACE 
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inhibitors as a first line treatment of hypertension and proteinuria. It is also important to 
identify diabetic patients in whom coronary artery revascularization is appropriate. 

Stress testing to identify coronary artery disease is warranted in diabetic patients with the 
following "risk factors": 

1. Typical or atypical cardiac symptoms 
2. A resting electrocardiogram suggestive of ischemia or infarction. 
3. Peripheral or carotid occlusive arterial disease. 
4. Sedentary lifestyle, age 35 years, and plans to begin exercise program. 
5. No symptoms but two or more of the following five risk factors: 

a. Total cholesterol 240 mg/dl, LDL cholesterol 160 mg/dl or HDL cholesterol less 
than 35 mg/ dl. 

b. Blood pressure greater than 140/90. 
c. Smoker. 
d. Family history of premature coronary artery disease. 
e. Positive micro-macro albuminuria test. 

Asymptomatic patients with diabetes and one, or fewer, risk factor( s) and a normal 
electrocardiogram do not require cardiac testing 

When initial stress testing is performed in an asymptomatic diabetic patient the type of 
follow up depends on the pre-test risk and the degree of stress test abnormality. 

Pre-Test Risk 

High 
4-5 "Risk 

Moderate 
2-3 "Risk 

Low 
0-1 "Risk Factor" 

Screening Stress Testing Results 

Normal 
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A suggested routine follow up would include annual re-evaluation of symptoms and 
signs of coronary artery disease and an electrocardiogram. A repeat stress test could be 
considered in 3 to 5 years if the clinical status is unchanged. Closer follow up would 
imply shorter intervals between evaluation and a follow up exercise test every 1 or 2 
years (1). 
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